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TITLE 



METHOD FOR BALANCING A VEHICLE DRIVESHAFT 

5 BACKGROUND OF THE INVENTION 

This invention relates in general to drive train assemblies for transferring 
rotational power from a source of rotational power to a rotatably driven device. In 
particular, this invention relates to an improved method for rotatably balancing a 
driveshaft adapted for use in a vehicular drive train assembly for transferring 

10 rotational power from an engine/transmission assembly to an axle assembly. 

In most land vehicles in use today, a drive train assembly is provided for 
transmitting rotational power from an output shaft of an engine/transmission assembly 
to an input shaft of an axle assembly so as to rotatably drive one or more wheels of the 
vehicle. To accomplish this, a typical vehicular drive train assembly includes a 

15 hollow cylindrical driveshaft tube. A first universal joint is connected between the 
output shaft of the engine/transmission assembly and a first end of the driveshaft tube, 
while a second universal joint is connected between a second end of the driveshaft 
tube and the input shaft of the axle assembly. The universal joints provide a rotational 
driving connection from the output shaft of the engine/transmission assembly through 

20 the driveshaft tube to the input shaft of the axle assembly, while accommodating a 
limited amount of angular misalignment between the rotational axes of these three 
shafts. 

Ideally, the driveshaft tube would be formed in the shape of a cylinder that is 
absolutely round, absolutely straight, and has an absolutely uniform wall thickness. 

25 Such a perfectly shaped driveshaft tube would be precisely balanced for rotation and, 
therefore, would not generate any undesirable noise or vibration during use. In actual 
practice, however, the driveshaft tubes usually contain variations in roimdness, 
straightness, and wall thickness that result in minor imbalances when rotated at high 
speeds. To prevent such imbalances from generating vmdesirable noise or vibration, 

30 therefore, it is commonplace to counteract such imbalances by securing balance 
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weights to selected portions of the driveshaft tube. The balance weights are sized and 
positioned to counterbalance the imbalances of the driveshaft tube such that it is 
balanced for rotation during use. 

Traditionally, driveshaft tubes have been formed from steel or other metallic 
5 materials having relatively high melting temperatures. In such driveshaft tubes, 
welding has been commonly used to secure the balance weights thereto. More 
recently, however, driveshaft tubes have been formed from aluminum alloys and other 
metallic materials that are not well suited for welding, particularly in the high volume 
quantities usually associated with the vehicular manufacturing industry. Also, 
10 driveshaft tubes have recently been formed from composites and other materials that 
are not suited at all for welding. 

To balance driveshaft tubes formed from these alternative materials, it has been 
proposed to use adhesive to secure the balance weights to the driveshaft tubes. 
Although adhesives are known that provide sufficient strength and durabiUty to retain 
15 the balance weights on the driveshaft tube in the rugged environment of a vehicular 
drive train assembly, the use of such adhesives has not gain widespread acceptance. 
One of the reasons for this lack of acceptance is that the curing time for such 
adhesives is relatively long. As a result, an undesirably long time delay is usually 
encountered between the initial point in time at which the balance weight is applied to 
20 the driveshaft and the subsequent point in time at which the adhesive has cured to 
allow the driveshaft and balance weight assembly to be re-tested to confirm the 
achievement of proper balance. This undesirably long time delay prevents the 
efficient manufactiire of the driveshaft tubes in tiie high volume quantities usually 
associated with the vehicular manufachiring industiy. Thus, it would be desirable to 
25 provide an improved method for rotatably balancing a driveshaft adapted for use in a 
vehicular drive train assembly for transferring rotational power from an 
engine/transmission assembly to an axle assembly. 
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SUMMARY OF THE INVENTION 
This invention relates to an improved method for rotatably balancing a 
driveshafl adapted for use in a vehicular drive train assembly for transferring 
rotational power from an engine/transmission assembly to an axle assembly. Initially, 
5 a conventional balancing apparatus is used to determined the size and location of the 
balance weights needed to properly balance the driveshafl. The determined location 
on the driveshaft is then cleaned so as to remove any contaminants therefrom. Next, 
an adhesive material is applied to either or both of the driveshaft and the balance 
weight. The adhesive material may, for example, be a multi-cure adhesive material 
10 including an adhesive portion and a curing activator portion. The balance weight is 
preferably formed having an inner surface that is curved to conform with the curvature 
of the outer surface of the driveshaft. The preferred balance weight is fiirther formed 
having a serrated outer peripheral surface defined by a plurality of radially outwardly 
extending teeth and having a generally hat-shaped cross section including a relatively 
15 thick central portion and a relatively thin outer rim portion. The overall size of the 
balance weight may be varied to provide differing amounts of weight for facilitating 
the balancing process. A sufficient quantity of adhesive material is provided between 
the driveshaft and the balance weight such that when the balance weight is pressed 
against the driveshaft, at least a portion of the adhesive material is extruded outwardly 
20 into contact with at least a portion of the outer peripheral surface of the balance 
weight. The extruded portion of the adhesive material is then exposed to an 
accelerated curing process, such as ultraviolet radiation, heat, and the like, so as to 
cure at least that portion of the adhesive material to temporarily secure the balance 
weight to the driveshaft, thereby allowing the driveshaft to be immediately re-tested 
25 on the balancing apparatus to confirm that proper rotational balance has been 
achieved. The uncured first portion of the adhesive material located between the 
driveshaft and the balance weight will later cure without the use of any accelerated 
curing process to permanently secure the balance weight to the driveshaft. 
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Various objects and advantages of this invention will become apparent to those 
skilled in the art from the following detailed description of the preferred embodiment, 
when read in Ught of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a side elevational view of a vehicle drive train assembly having a 
plurality of balance weights secured thereto in accordance with the method of this 
invention. 

Fig. 2 is a perspective view illustrating of a portion of the vehicle drive train 
assembly illustrated in Fig. 1 showing the initial steps in the method of securing a 
balance weight to a driveshaft tube in accordance with this invention. 

Fig. 3 is a perspective view similar to Fig. 3 showing the subsequent steps in 
the method of securing the balance weight to the driveshaft tube in accordance with 
this invention. 

Fig. 4 is an enlarged sectional elevational view of a portion of the driveshaft 
tube and the balance weight illustrated in Fig. 3 showing the adhesive material slightly 
enveloping the brim of the hat-shaped balancing weight. 

Fig. 5 is a flow chart illustrating the steps in the method of securing the balance 
weight to the driveshaft tube in accordance with this invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring now to the drawings, there is illustrated m Fig. 1 a drive train 
assembly, indicated generally at 10, for a vehicle that is adapted to transmit rotational 
power from an engine/transmission assembly 1 1 to a plurality of driven wheels (not 
shown). The engine/transmission assembly 1 1 is conventional in the art and includes 
an externally splined output shaft (not shown) that is connected to a first slip yoke 
assembly, indicated generally at 12. The first slip yoke assembly 12 is conventional in 
the art and includes an internally splined mbular end portion 13 that slidably engages 
the externally splined output shaft of the engine/transmission assembly 11. As a 
result, the tubular end portion 13 of the first slip yoke assembly 12 is rotatably driven 



by the output shaft of the engine/transmission assembly 1 1, but is free to move axially 
relative thereto to a limited extent. The first slip yoke assembly 12 further includes a 
yoke 14 that forms one part of a first universal joint assembly, indicated generally at 
15. The first universal joint assembly 15 is also conventional in die art and includes a 

5 tube yoke 16 that is connected to the yoke 14 by a cross in a known manner. The tube 
yoke 16 is secured, such as by bonding or welding, to a first end of a first driveshaft 
section 17 for rotation therewith. The first universal joint assembly 15 thus provides a 
rotational driving connection between the output shaft of the engine/transmission 
assembly 1 1 and the first driveshaft section 17, while pemiitting a limited amount of 

10 axial misalignment therebetween. Altematively, the output shaft of the 

engine/transmission assembly 1 1 may terminate in a conventional end yoke (not 
shown) which is directly connected to the cross of the first universal joint assembly 
15. 

The first driveshaft section 17 extends through and is supported for rotation by 
15 a center bearing assembly, indicated generally at 20. The center bearing assembly 20 
is conventional in the art and includes a rigid frame or bracket 21 which is secured to a 
portion of a frame, chassis, or body 22 of the vehicle. The center bearing assembly 20 
further includes an annular bearing (not shown) for rotatably supporting the first 
driveshaft section 17 therein. The first driveshaft section 17 terminates in a second 
20 end including a end yoke 23, which forms one part of a second universal joint 

assembly, indicated generally at 24. The second universal joint assembly 24 is also 
conventional in the art and includes a yoke shaft 25 which is connected to the end 
yoke 23 by a cross in a known manner. The yoke shaft 25 is, in tum, connected 
through a second slip yoke assembly, indicated generally at 28, to a first end of a 
25 second driveshaft section 27, The second universal joint assembly 24 thus provides a 
rotational driving connection between the first driveshaft section 17 and the second 
driveshaft section 27, while permitting a limited amount of axial misalignment 
therebetween. The structure and operation of the second slip yoke assembly 28 is 
conventional in the art and forms no part of this invention. 



5 



The second driveshaft section 27 terminates in a second end having a tube yoke 
30 secured thereto. The tube yoke 30 forms one part of a third universal joint 
assembly 31. The third universal joint assembly 3 1 is also conventional in the art and 
includes a tube yoke 32 that is connected to an input shaft 33 of an axle assembly 34 

5 by a cross in a conventional manner. The third universal joint assembly 3 1 thus 

provides a rotational driving connection between the second driveshaft section 27 and 
the mput shaft 33 of the axle assembly 34, v^hile permitting a limited amount of axial 
misalignment therebetween. The axle assembly 34 is conventional in the art and is 
adapted to transmit rotational power from the input shaft 33 to the driven wheels of 

10 the vehicle in a known manner. 

As is well known in the art, most driveshaft tubes, such as the driveshaft 
sections 17 and 27, usually contain variations in roundness, straightness, and wall 
thickness that result in minor imbalances when rotated at high speeds. To prevent 
such imbalances from generating undesirable noise or vibration, therefore, it is 

15 commonplace to counteract such imbalances by securing balance weights to selected 
portions of the driveshaft tube. Thus, as shown in Fig. 1, a first balance weight 40 is 
secured to the outer surface of the first driveshaft section 17. Similarly, a second 
balance weight 41 is secured to tiie outer surface of the second driveshaft section 27. 
The first and second balance weights 41 and 42 are sized and positioned to 

20 counterbalance the imbalances of the driveshaft sections 17 and 27 such that the drive 
train assembly 10 is balanced for rotation during use. 

A conventional balancing apparatus (not shown) can be used to determined the 
size and location of the balance weights needed to properly balance the driveshaft 
sections 17 and 27 for rotation. Thus, for example, the driveshaft section 17 is 

25 initially placed in the balancing apparatus so that an appropriate size and location for 
applying the balancing weight 40 is determined. The determined location on the 
driveshaft section 17 is then cleaned so as to remove any contaminants therefrom, 
such as a layer of aluminum oxide that typically forms on the outer surface of 
aluminum alloy materials. Next, an adhesive material is applied to either or both of 

30 the driveshaft section 17 and the balance weight 40. Preferably, the adhesive material 
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is a multi-cure, two-part material including an activator part 42 and an adhesive part 
43, such as a 6000 Series adhesive material manufactured by Dymax Corporation. 
The term "multi-cure adhesive" is intended to refer to an adhesive material that can be 
cured by more tiian one curing process. However, ibis invention contemplates that 
5 any type of adhesive material may be used to secure the balance weight 40 to the outer 
surface of the driveshaft section 17. 

Although the balance weight 40 may have any desired structure, including 
those structures that are currently known in the art, the preferred structure of the 
balance weight 40 is illustrated in Figs. 2, 3, and 4. As shown therein, the balance 
10 weight 40 includes an inner surface 44 that is preferably curved to conform with the 
curvature of the outer surface of the driveshaft section 17, although such is not 
required. The preferred balance weight 40 is further formed having a serrated outer 
peripheral surface defined by a plurality of radially outwardly extending teeth 46. 
Additionally, the balance weight 40 may be formed having a generally hat-shaped 
15 cross section including a relatively thick central portion 50 and a relatively thin outer 
rim portion 51. In this structure, the teeth 46 of the serrated outer peripheral surface 
are formed in the relatively thin outer rim portion 5 1 of the balance weight 40. The 
purpose for the teeth 46 and the relatively thin outer rim portion 51 will be explained 
below. The overall size of the balance weight 40 may be varied to provide differing 
20 amounts of weight for facilitating the balancing process and for stress control in the 
adhesive material. If desired, a central aperture 50a may be formed through the 
central portion 50 of the balance weight 40 for a purpose that will be described below. 

As shown in Fig. 2, the adhesive material is applied to either or both of the 
outer surface of the driveshaft section 17 and the iimer surface 44 of the balance 
25 weight 40. For the illustrated two-part adhesive material, the activator part 42 of the 
adhesive material can be applied to the outer surface of the driveshaft section 17, 
while the adhesive part 43 can be applied to the inner surface 44 of the balance weight 
40 (or vice versa). In any event, a sufficient quantity of adhesive material is provided 
between the driveshaft section 17 and the balance weight 40 such that when the 
30 balance weight 40 is pressed against the driveshaft section 17, a first portion 45a (see 
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Figs. 3 and 4) of the adhesive material is extraded outwardly from between the 
driveshaft section 17 and the balance weight 40. This first extruded portion 45a (often 
referred to as "squeeze-ouf ) of the adhesive material is moved into contact with at 
least a portion of the outer peripheral surface of the balance weight 40. Thus, for the 
illustrated structure of the balance weight 40, the first extruded portion 45a of the 
adhesive material extends over and encapsulates the teeth 46 of the relatively thin rim 
portion 5 1 of the balance weight 40. The teetii 46 of the relatively thin rim portion 5 1 
thus facilitate a relatively large surface area of engagement and encapsulation between 
the first extruded portion 45a of the adhesive material and the outer peripheral surface 
of the balance weight 40. Similarly, a second portion 45b of the (see Figs. 3 and 4) of 
the adhesive material is extruded outwardly through the aperture 50a formed through 
the central portion 50 of the balance weight 40. This second extruded portion 45b of 
the adhesive material extends over and into contact with at least a portion of the upper 
surface of the balance weight 40. 

Thus, as best shown in Fig. 4, when the balance weight 40 is pressed against 
the driveshaft section 17, some of the adhesive material remains between the imier 
surface 44 of the balance weight 40 and the outer surface of the driveshaft section 17. 
At the same time, however, a first portion 45a of the adhesive material is extruded 
outwardly to extend between the outer peripheral surface of the balance weight 40 and 
the driveshaft section 17, while a second portion 45b of the adhesive material is 
extruded upwardly through the aperture 50a to extend partially over the outer surface 
of the balance weight 40. The first and second extruded portions 45a and 45b of the 
adhesive material are then exposed to an accelerated curing process so as to cure at 
least those portions 45a and 45b of the adhesive material to temporarily secure the 
balance weight 40 to the driveshaft section 17. For example, the extruded portions 
45a and 45b of the adhesive material 40 may be exposed to ultraviolet radiation 47, as 
shown in Fig. 4, for a relatively short period of time (five to ten seconds) to effect the 
rapid curing thereof. Ultraviolet radiation is a preferred accelerated curing process 
because it does not cause imdesirable localized heating of the driveshaft section 17. 
However, any other accelerated curing process, such as heat, chemicals, and the like. 
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may be used to effect the rapid curing of the extruded portions 45a and 45b of the 
balance weight 40. 

The result of this accelerated curing process is that the furst and second 
extruded portions 45a and 45b of the adhesive material are sufficiently cured to 

5 temporarily secure the balance weight 40 to the first driveshaft section 17. The first 
extruded portion 45a of the adhesive material is cured to bond the teeth 46 of the 
relatively thin rim portion 51 of the balance weight 40 to the outer surface of the first 
driveshaft section 17. The second extruded portion 45b of the adhesive material is 
cured to bond the interior portions thereof (located within the aperture 50a) and the 

10 outer surface of the balance weight 40 to the outer surface of the first driveshaft 

section 17. Also, the second extruded portion 45b of the adhesive material extending 
over the outer surface of the balance weight 40 is hardened so as to mechanically 
retain the balance weight 40 to the outer surface of the first driveshaft section 17 in the 
nature of a rivet. 

15 Consequently, the balance weight 40 is sufficiently secured to the driveshaft 

section 17 to permit the driveshaft section 17 to be immediately re-tested on the 
balancing apparatus to confirm that proper rotational balance has been achieved. If 
the proper rotational balance has been achieved, the driveshaft section 17 is removed 
firom the balancing apparatus for subsequently installation in a vehicle. Inasmuch as a 

20 relatively long period of time usually passes between the conclusion of the balancing 
process and installation on the vehicle, the uncured portion of the adhesive material 
(located between the driveshaft section 17 and the balance weight 40) will have 
sufficient time to cure without the use of any accelerated curing process. Thus, by the 
time the driveshaft section 17 is installed on the vehicle, the entire amount of the 

25 adhesive material will be cured, and the balance weight 40 will be permanently 

secured to the driveshaft section 17. If re-testing of the driveshaft section 17 indicates 
that further balancing is required, additional balance weights can be secured to the 
driveshaft section 17 in the same manner as described above. 

Although this invention has been described and illustrated in the context of a 

30 vehicular drive train assembly 10 having multiple driveshaft sections 17 and 27, it will 
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be appreciated that this invention may be practiced in a vehicular drive train assembly 
having only a single driveshaft tube. It will be further appreciated that this invention 
is not limited to vehicular driveshaft tube applications, but rather may be practiced on 
any type of driveshaft structure for transferring rotational power from a source of 
rotational power to a rotatably driven device. Lastly, it should be understood that both 
of the first and second extruded portions 45a and 45b of the adhesive material need 
not be simultaneously provided. Rather, either the first extruded portion 45a or the 
second extruded portion 45b may be provided individually to sufficiently secure the 
balance weight 40 to the driveshaft section 17 to confirm that proper rotational 
balance has been achieved. 

In accordance with the provisions of the patent statutes, the principle and mode 
of operation of this invention have been explained and illustrated in its preferred 
embodiment. However, it must be understood that this invention may be practiced 
otherwise than as specifically explained and illustrated without departing from its 
spirit or scope. 
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What is claimed is: 

1. A method for attaching two articles together comprising the steps of: 

(a) providing a first article; 

(b) providing a second article having a surface; 

(c) providing an adhesive material between the fnst and second articles; 

(d) moving the ftrst and second articles toward one another such that a first 
portion of the adhesive material is disposed between the first and second articles and a 
second portion of the adhesive material extends between the first article and the 
surface of the second article; and 

(e) exposing the second portion of tiie adhesive material to an accelerated 
curing process to cure the second portion of the adhesive material prior to curing the 
first portion of the adhesive material. 

2. The method defined in Claim 1 wherein the first article is a driveshaft 
and the second article is a balance weight. 

3. The method defined in Claim 1 wherein the surface of the second article 
is a peripheral surface. 

4. The method defined in Claim 3 wherein the peripheral surface of the 
second article is formed having a serrated outer peripheral surface, and wherein the 
second portion of the adhesive material extends between the first article and tiie 
serrated outer peripheral surface of the second article. 

5. The method defined in Claim 1 wherein the surface of the second article 
is formed having a relatively thin rim portion, and wherein the second portion of the 
adhesive material extends between the first article and the relatively thin rim portion 
of the second article. 
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6. The method defined in Claim 1 wherein the outer peripheral surface of 
the second article is formed having a relatively thin rim portion and a serrated outer 
peripheral surface, and wherein the second portion of the adhesive material extends 
between the first article and the serrated outer peripheral surface of the relatively thin 
rim portion of the second article. 

7. The metiiod defined in Claim 1 wherein the first article has an outer 
surface defining a shape, and wherein the second article has an inner surface defiining 
a shape that corresponds to the outer surface of the first article. 

8. The method defined in Claim 1 wherein the first and second articles are 
pressed against one another such that a first portion of the adhesive material is 
disposed between the first and second articles and a second portion of the adhesive 
material is extruded outwardly from between the first and second articles such that the 
second portion of the adhesive material extends between the first article and the 
peripheral surface of the second article 

9. The method defined in Claim 1 wherein the accelerated curing process is 
ultraviolet radiation, 

10. The method defined in Claim 1 wherein the accelerated curing process is 

heat 

1 L The method defined in Claim 1 wherein the adhesive material includes 
an activator part that is applied to one of the first and second articles and an adhesive 
part that is applied to the other of the first and second articles. 

12. The mefliod defined in Claim 1 wherein the first article has an outer 
surface, the second article has an inner siuface disposed adjacent to the outer surface 
of the first article, the second article has an outer surface opposite the inner surface, 
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and the second portion of the adhesive material extends between the first article and 
the outer surface of the second article. 

13. The method defined in Claim 1 wherein the second article has an 
aperture formed therethrough fi:om an inner surface disposed adjacent to the first 
article to an outer surface, and the second portion of the adhesive material extends 
through the aperture and over a portion of the outer surface of the second article. 
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ABSTRACT OF THE DISCLOSURE 
A method for rotatably balancing a driveshaft includes the initial step of using a 
conventional balancing apparatus is used to detennined the size and location of the 
balance weights needed to properly balance the driveshaft. Next, an adhesive material 
is applied to either or both of the driveshaft and the balance weight. The balance 
weight is preferably formed having an inner surface that is curved to conform with the 
curvature of the outer surface of the driveshaft. The preferred balance weight is 
further formed having a relatively tiun outer peripheral rim portion having a plurality 
of radially outwardly extending teeth formed thereon. The overall size of the balance 
weight may be varied to provide differing amounts of weight for facilitating the 
balancing process. A sufficient quantity of adhesive material is provided between the 
driveshaft and the balance weight such that when the balance weight is pressed against 
the driveshaft, at least a portion of the adhesive material is extruded outwardly into 
contact witii at least a portion of the outer peripheral surface of the balance weight. 
The extruded portion of the adhesive material is then exposed to an accelerated curing 
process, such as ultraviolet radiation, heat, and the like, so as to cure at least that 
portion of the adhesive material to temporarily secure tiie balance weight to the 
driveshaft, thereby allowing the driveshaft to be immediately re-tested on the 
balancing apparatus to confirm that proper rotational balance has been achieved. The 
uncured first portion of the adhesive material located between the driveshaft and the 
balance weight 40 will later cure without the use of any accelerated curing process to 
permanentiy secure the balance weight to the driveshaft. 
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Providing a balancing 
apparatus 



Placing a driveshaft 
section 
in the balancing apparatus 



Determining an 
appropriate balancing 
weight and a location 

to balance 
the driveshaft section 



Cleaning the determined 
location on the driveshaft 
section 
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Applying a first part 
of adhesive material 
to the determined location 
on the driveshaft section 



Providing an appropriate 
balancing weight 
having a periphery 
and an inner surface 



Applying a second 
part of adhesive 

material to the inner 
surface of the 
balancing weight 



Pressing the balancing 
weight against the 
driveshaft section 
until a portion of 
adhesive material 
extrudes from between 
the balancing weight 
and the driveshaft 
section 



Applying the balancing 
weight to the driveshaft 
section so that the first 
part of adhesive material 

contacts the second 
part of adhesive material 
between 
the balancing weight 
and the driveshaft 
section 



Exposing the extruded 
adhesive material to an 
accelerated curing process 
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